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Confessions of a 
 nuclear data junkie

● I am on the program...
● How could I fall for it?
● Status of my addiction
● How to find more of it
● How to find the good stuff
● Positive effects from the addiction?
● How to become free from the addiction
● A call for help
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Confessions of a 
 nuclear data junkie

● I am on the program...

CONFESSION
I collect experimental data on
total reaction cross sections,
and I cannot stop!
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How could I fall for it? (Background)

?
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How could I fall for it? (Background)

What is the total reaction
cross section?
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What happens when nuclei interact?

5 6Fe 16O

Ex: Fe ion incident on Oxygen

EFNUDAT



   

1: Nothing...

5 6Fe16O5 6Fe
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What happens when nuclei interact?



   

2: Elastic scattering  σEl

5 6Fe

16O5 6Fe
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3: Nonelastic interaction  σR

5 6Fe
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3: Nonelastic interaction  σR

5 6Fe
Nuclear excitation
Nucleon knockout
Particle knockout
Nucleon exchange
Nucleon absorption
Spallation
Fission
Fusion
Fragmentation
Spallation
... EFNUDAT
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3: Nonelastic interaction  σR

5 6Fe
Nuclear excitation
Nucleon knockout
Particle knockout
Nucleon exchange
Nucleon absorption
Spallation
Fission
Fusion
Fragmentation
Spallation
...

}
Each reaction has its
individual cross section

The sum of all cross
sections is the total
reaction cross section
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The total reaction cross section
=

The total probability for a
nonelastic reaction to occur

σR EFNUDAT

What happens when nuclei interact?



   

The total reaction cross section
=

The total probability for a
nonelastic reaction to occur

σTot = σR+ σE l EFNUDAT

What happens when nuclei interact?



   

σR is energy dependent

Projectile energy (MeV/nucleon)

σ
R
 (

m
b

)

1 2C+1 2C

  P+1 2C

  n+1 2C
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Why bother? (the road to addiction...)

● To provide another constraint, besides 
angular distributions, in analyses of elastic 
scattering (Optical Model calculations...)

● To determine the sizes and matter 
distributions of the nuclei (exotic nuclei)

Total reaction cross sections can be used:

σ R=π⋅R0
2=π⋅r 0

2 AP1/3AT1/3
2
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Total reaction cross sections can be used:
● In a number of applications:

● Radiation cancer treatment and dosimetry
● Space radiation shielding and dosimetry
● Cosmic radiation effects during interacting 

with matter (SEE/SEU)
● Astrophysics (nucleosynthesis)
● Transmutation of nuclear waste
● Energy conversion EFNUDAT

Why bother? (the road to addiction...)



   

Total reaction cross sections are used:
● In complex Monte Carlo codes              

(FLUKA, GEANT, MCNPX, PHITS, ...):
● Determine mean-free path before the first 

interaction in matter
● Scaling factor for specific reactions           

(p,n), (p,2pn), (p,α), ...
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Why bother? (the road to addiction...)



   

A number of compilations available:
● Protons – Bauhoff (1986)  Carlson (1996), →

      Barashenkov (1993)
● Exotic nuclei – Ozawa et al. (2001)
● Data bases

● EXFOR
● LANL (neutrons)
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A number of compilations available:
● Protons – Bauhoff (1986)  Carlson (1996),→  

      Barashenkov (1993)
● Exotic nuclei – Ozawa et al. (2001)
● Data bases

● EXFOR
● LANL (neutrons)

E < 1 GeV

Inconsistencies...

Limited nucleiLimited nucleiLimited nuclei

Very valuable resource, but limited,
and somewhat complicated to use.
Also some inconsistencies.

EFNUDAT

Why bother? (the road to addiction...)



   

Personal motivation: 
● Need data for development of models, have 

collected (and measured) data since ~2000
● Noticed that some model makers are ”lazy” 

or are not using the available data in a 
correct way

● Noticed that most model makers are not 
aware of all the available data (hard work!)

EFNUDAT

Why bother? (the road to addiction...)



   

Personal motivation: 
●  
●

●

●

● Realized in 2009: I have a large collection of 
experimental data that many people seem to 
be unaware of, why not publish it?

EFNUDAT

Why bother? (the road to addiction...)



   

Personal motivation: 
● 2009: Merged Lantz & Sihver data bases into 

one, following up references and citations
● Goal: 

● Submit for publication before end of 2010 
(probably too optimistic)

● Make data easily available for inclusion in 
EXFOR (have dialogue with IAEA)

● (get done and move on with research...) EFNUDAT

Why bother? (the road to addiction...)



   

Status of my addiction

● σR data for:
● p+A (~2100 data points)
● n+A (~1100)
● A+A (2400)

● Also other data of similar interest
● σI  A+A (~400)

● σC C A+A (~900)

● σT o t p+A, A+A (~300)

20 July 2010: 55 pages of tables, ~550 refs.
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How to find more of it

● Easy methods
● Key word search: ”total reaction cross section”
● Author search
● PACS numbers search
● Check reference lists carefully

● Difficult methods
● Find ”strange” references (technical reports, conference 

proceedings, journals in Russian, Chinese...)
● Talk with people
● Use ”Citing articles” function EFNUDAT
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How to find the good stuff

We are in a stage of quality control...
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Isotopically enriched
or natural composition?

How to find the good stuff

We are in a stage of quality control...



   
EFNUDAT

Which energy?
No errors given

How to find the good stuff

We are in a stage of quality control...



   
EFNUDAT

s = Sum of Differences method
em = emulsion technique
Trustworthy experimental methods?

How to find the good stuff

We are in a stage of quality control...
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r = read data from plots
z =sum of different reactions

How to find the good stuff

We are in a stage of quality control...
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Do we need more columns?
(Laboratory, Exp. method)

How to find the good stuff

We are in a stage of quality control...



   

How to find the good stuff

● Quality check of all references –> decrease the list
● Which kind of experimental methods should be 

included?
● Direct measurements
● Summed or integrated partial cross sections
● Emulsion and solid state track detectors
● Model dependent derivations from other variables

● Will set threshold based on quality of 

  experimental method, not on quality of result
● Maybe good reasons why some data are forgotten...?
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Positive effects from the addiction
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L. Sihver, M. Lantz, M. Takechi, A. Kohama, A. Ferrari, F. Cerutti,
and T. Sato, 2010 COSPAR, 18-25 July, Bremen, Germany
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Positive effects from the addiction
Motivate new neutron measurements?

Rho-N model (Ingemarsson & Lantz (2005)
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Publications per year 
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Other effects from the addiction
Science history, or sociology?
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Publications per year
5-year average
Mean value 
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● Still looking for more data, do You have any?
● How would You, as potential user of the 

compilation, prefer it to look like?
●  Please contact us if you have any feedback, 

data, or comments: Mattias.Lantz@fysast.uu.se

A call for help

EFNUDAT
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